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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to cell culture medium 
formulations. Specifically, the present invention provides cell culture medium 
formulations which comprise one or more non-animal derived peptides and more 
specifically one or more plant peptides for facilitating the in vitro cultivation of 
animal cells. The present invention also relates to media formulations which 
comprise one or more non-anim£il derived lipids and/or fatty acids, and more 
specifically one or more plant lipids and/or fatty acids for cultivation of animal 
cells in vitro. The formulations of the invention may also comprise one or more 
of such non-animal or plant peptides and one or more of such non-animal or plant 
lipids and/or fatty acids. In accordance with the invention, such non-animal or 
plant-derived peptides and non-animal or plant-derived lipids and/or fatty acids 
may be used as substitutes for one or more animal-derived culture media 
components. The invention also provides methods for cultivating animal cells 
using these non-animal or plant nutrient-based culture media. The media of the 
present invention arc particularly suited for virus production in animal cells. 

Related Art 

Cell Culture Media 



Cell culture media provide iho nuirienu; necessary to maintain and grow cells in a controlled 
aniflcial and in vitro environment. The characteristias and compositions of tlic cell ctilture media 
vary depending on the particular cellular icquixements. Important paramcicni include sm larity» 
pU, and nutrient formulations. 

Media fomiulations have been med to cultivate a nxunbcr of cell types including animal, 
plant and bacterial cells* Cells cultivated in culture media catabolize available nutrients and produce 
useful biological substancas such as monoclonal antibodies* homiones, growth factors; and the like. 
Such products have therapeutic applications and« with the advent of recombinaht DNA technology^ 
cells can be engineered to produce latge quantities of these products. Cultured cells are also 
routinely used for the isolationv identification and growth of viruses. Thus, the ability to cultivate 
Gdhi in vltix> is not only important for the study of cell physiology* but is also necessaty for the 
production of useful substances which may not otherwise be obtained by cost-effective means. 

Cell culture media formulations are well documented in the literature, and a number of media 
are commercially available. Tn early cell culture work» media formulations were based on the 
chemical composition and physicochemical properties (e:^.« osmolality, pH» etc.) of blood and were 
referred to as ^'physiological solutions** (Ringer, S., 7. Physiol. 3:380-393 (1880); Waymouth, C, In; 
Cells and Tissues in Culture, Vol. 1 , Academic Press, London, pp. 99- 142 (i965);Waymouth. In 
Vltio <K:109-«127 (1970)). However, cells in different tissues or the mammalian body are exposed to 
different microcxivironmentK with respect to oxygen/carbon dioxide partial pressure and 
conccntradons of nutrients, vitamins, and trace elements. Accordingly, successful in vitro culture of 
different cell types often require the use of different media formulations. Typical components of cell 
culture media include amino acids, organic and inorganic salts, vitamins, trace metals, sugars, lipids 
and nucleic acids, the types and amounts of which may vaiy depending upon the particular 
requirements of a given cell or tissue type. 

Typically, cell culture media formulations are supplemented with a range of additives, 
ineludin^ undcfmed components such as fetal bovine scmm (FBS) (10-20% v/v) or extracts from 
animal embiyos, organs or glands (0.5-10% v/v). While FBS is the most commonly applied 
supplement in animal cell culture media, other serum sourees are also routinely used, including 
newborn calf, horse and human. These types of chemically undefined supplements serve several 
useful functions in cell culture media (Lambert, K. J. et aL, In: Animal Cell Blotechtu^U^gy. Vol. 1, 
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Spier, R. E. €t aU, Eds-t Academic PrejLS New York, pp. 85-122 (1985)). F r example, these 
supplements provide carriers or chelators for labile r water-insoluble nutrients; bind and neutralize 
toxic moieties; provide hormones and growth faclurs» protease inhibitors and cssentialp often 
unidentified or undefined low molecular weight nutrients; und protect cclLs from physical stress and 

5- damage. Thus, serum and/or animal extracts are conunonly used as relatively low-cost supplements 
to provide an optimal culture medium fur (he cultivation of animal cells. 

Unfortunately, the use of serum or animal extracL"; in tissue culture applications has several 
drawbacks (Lambeit« K. J. et aL^ In: Animal Cell Biotechnology^ Vol. i. Spier, R. E, aU^ Eds., 

2 ' 'Academic Picss New York, pp. 8S-122 (1985)). Pbr example, the chemical composition of these 

13 supplements may vary between lots, even from u single manufacturer. The supplements of animal or 
human origin may nlso be contatxdnatod with infectious agents (e.^^, mycupla.sma amd vimses) which 
can seriously tmd^mine the health of ihe cultured cells when these contaminated supplements are 
used In <:eli culture media foimulationK and may additionally pose a headth risk in cell therapy and 
other clinical applications. A mv^oi fear is the presence of prions causing spongiform 

IS encephalopathy in humans or animals. Cell stirfacc chemistry, which is a critical portion of the in 
vltrn microcnvironment for many cell ^rpes, can be adversely modified via adsorption or 
incorporation of scmm or extract proteins, llie use of undefined cximponents such as semm. or 
animal extracts also prevents the true definition and clueidatinn of the nutritional .and hormonal' 
lequlrements of die ctdlured cells, thus eliminating the ability to study, in a controlled way, the effect 

20 of specific growfli factors or nutrients on cell growth and differentiation in cultiue. Moreover, 
undefined supplements prevent the researcher from studying abecrant growdi and differentiation and 
the disease-related changes in cultured cells. In the industrial production of biological substances, 
scmm and animal extract supplementation of culture media can also complicate and increase the 
costs of purification of the desired substances from die culture media due to nonspecific co- 

2S purification of serum or extract proteins. 

Seram^Free Media 

To overcome the drawbacks of the use of semm or animal extracts, a number of semm-frcc 
media have been developed. These media, which often are specifically fonntduted to support the 
culture of a single cell type, incorporate defined quantities of purified growth factors, lipoproteins 
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and ther proteins usually provided by the scrum ur extract supplement Since the components (and 
concentrations thcreoQ in such culture media are precisely known, these media are generally referred 
to as ••defined culture media" and often as '*6erum-fiee media** or **SFM," A number of SFM 
formulations are commercially avail£^Ie, such as those designed to support the culture of cndothclia] 
" . cells, keratinocytes,. inonocyces/mucrophages. fibroblasts, neurons, lymphocytes, chondrocytes or 
heputncytes which arc available from Life Technologies, inc. (Rockvillc, MD). 

SFM generally provide several distinct advantages to the user. For example, the use of SFM 
f a c ilitates the investigation of the effects of a specific growth factor or otiier medium component on 
cellular physiology, which may be masked when the cells are cultivated in serum- or extract- 
lo containing media* In addition, SFM typically contain much lower quantities of protein (SFM are 
often called *Uow protein media**) than those containing serum or extracts, rendering purification of 
biological substances produced by cells cultured in SFM fur simpler and more cosl-effective* 

Some extremely simple SFM, which consist esKentiaily of vitamins, amino acids, organic and 
inorganic salts and buffers have been used for cell culture. Such media (often called "basal mcdia")« 
however, arc usually seriously deficient in the nutritional content required by most animal cells. 
Accordingly! most SFM incorporate additional components into the basal media to make the media 
more nutritionally complex, while maintaining the serom-free and low protein content of the media. 
Examples of such components include semm albumin from bovine (BSA) or human (HSA), animal- 
derived lipids such as human Excytc, sterols, e^., and certain growth Cuclors or hormones derived 
10 from natural (animal) or recombinant sources. 

The use of such animal-derived supplements in cell culture media, however, also has certain 
drawbacks. For example, thero is a risk that the culturo medium and/or products purified from it may 
be immunogenic, particularly ir the supplements are derived from an animal different from the 
source of the cells to be cultured. Thus, if biological substances to be used as therapeutics are 
* purified from such culture media, certain amounts of these imniunogcnic proteins or peptides may be 
co-puxified and may induce an immunological reaction, including anaphylaxis, in an animal 
xeceiving such therapeutics. 

To overcome this potential problem, supplements derived from the same species as the cells 
to be cultured may be used« For example, culture of human cells may be facilitated using HSA as a 
10 supplement, while media for the culture of bovine cells would instead use BSA. Tius approach. 



however, runs ihe risks of introducing contuminants and adveniitious pathogons into the culture 
medium (such as IIIV or Hcpatitte B virus £h>m HSA preparations, or Bovin Spongifonn 
Encephalopathy vmjs fix>m BSA preparations), which con obviously ncgaUvdy impact the use of 
such media in the preparation of animal and human therapeutics, in fact, for safety leasons. the 
biotechnology industry and government agencies axe increasmgly teguIaUng. discouiaging and ev n 
fortjidding tho use of cell culture media oonmining anunal-derivcd products which may contain such 
pathogens. 

Noi^animat Peptide Supplements 

To overcome the limitationt of the use of animal proteins in SFM, several attempts have been 
made to make ammal cell culture niedm that are completely free of animal pzoteins. For example, 
some culture media have incorporated extracts of yeast cells into the basal medium (see, for 
example, British Patent Application No. GB 901673; Keay, I*, BiotcchnoL Bioengin. 77:745-764 
(1975)) to provide sources of nitrogen and other essential nutrients, fa another approach, 
hydrolysates of wheat gluten have been used, with or without the addition of yeast extract, to 
promote in vitro growth of animal cells (Japanese Patent Application No. JP 2-49579). Siill other 
media have been developed in which serum is replaced by enzymatic digests of meat, or of proteins 
such as a-lacialbumin or casern (e.ff., peptone), which have been traditionally used in bacterial 
culture (Lasfargues. E.Y., et al, Tn Vitro *f(5;:4y4-500 (1973); Keay, L., BiotedmoL Biaeng. 17:745- 
764 (1975); Keay. L., Biotecfmol Bioeng. 79:399-411 (1977): Schlagcr, E.-J.. /. fi^unoL Meth 
JP4:191-199 (1996)). None of ihcso approaches, however, provide an optimal culturu medium for 
the cultivation of a variety of animal cells. In fact, the me of wheat peptides is Ukely to be quite 
unfavorable for the cultun: of many animal cells and iLssues. since wheat peptides are known to be 
toxic or to induce toxic effects in vitro and in vivo, particularly in the cells and tissues of the 
gastromtesiinal .«;ystems of some mammals, including humans (Suober, W., er aI.,Ann. fnL Med. 
«?:242-256 (1975); Auxicchio, S., et al., Pcdiatr. Res. 22(5;:703-707 (1987)). Moreover. exlracLs 
from certam plants, including wheat, barley, rye and oats have been shown to inhibit piotem 
synthesis in cell-free systems derived from animal cells (Coleman, W.H.. and Roberts. W.K.. 
iliochim. Biophys. Acta 696:239-244 (1982)). suggesting that the use of peptides derived ftom the.se 
plants in ceU culnite media may achialiy inhiltit, rather than sthnulaie, the growth of animal cells in 
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vitro. 

Thus, there is still a need for u scruin-frcc» low-pmtein culture medium . suitable for 
cultivation of animal ceils, which is cuuiplelcjy devoid of animal or human proteins. Such a medium 
fornmlaiion will facilitate the study of the effects of growth factors and other stimuli on cellular 
phyjiiology, will allow easier and more cost-effective purification of biological substances produced 
by cultured animal cells in the biotechnology indusliy, and most importantly, will eliminate the risk 
f introduction of adventitious animal and human pathogens. The present invention provides such 
an animal cell culture medium formulation. 

BRIEF SUMMARY OF THE INVENTION 

The preKcni invention provides culture media formulations comprising non-animal or plant 
I>eptides that support the culture of animal cells, preferably as a primary protein .<iource. Specifically, 
the invention provides a cell culture medium capable of supporting the cultivation of an animal cell 
in vitro, wherein the medium comprises at least one plant peptide which is not derived from wheat 
and which is most preferably derived from rice. In another aspect, the micdia formulations of the 
invention comprise at least one non-animat or plant lipid and/or fatly acid. In yet another asi>ect, the 
media formulations of the invention comprise at least one non-aniraal or plant pepiide and at least 
one non-animal or plant lipid and/or fatty acid. The invention also provides such media formulations 
whitti further comprise an enzymatic digest or extract of yeast cells. 

Tlic invention also provides a cell culture medium, capable of supporting the cultivation of an 
animal cell in vitro, comprising an extract of yeast cells, wherein the medium docs not fortlicr 
comprise a wheat-derived plant peptide. 

The media of the present invention may be IX formulations, or may be concentrated as lOX- 
lOOX, most preferably as 10X» 20X, 25X, SOX or lOOX formulations. Tlie basal medium of the 
present invention comprises a number of ingredients, including amino acids, vitamins, organic and 
inorganic salLs» sugars, each ingredient being present in an amount which supports the cultivation of 
an animal cell in vitro. 

Tlie medium of the invention may be used to culture a variety of animal cells, including 
insect cclLs (such as from the Spodoptera or Trichaptusa species), avian cells and mammalitm cells 



(including primary celLs, established cell lines, CHO cells, COS cells, VERO cells, BHK cells and 
human cells). The present invention also provides methods f culturing animal and human cells 
using the culture medium formulations disclosed herein, comprising tlie si ps of (a) contacting an 
animal ccU with ihe cell cultiuc medium oT the present invention: and (b) cultivating the animal cell 
under conditions Kuitable to support in vitro cultivation. 

The present invention also relates to methods for repiacmg or substituting animal-derived 
products with non<mimaI or plant-derived peptides, non^mal or plant lipids/fatty acids (or 
combinations ihereoO. and/or enzymatic digests or extracts of yeast cells* Such nou-aniraal/planl- 
dedvcd products may be substituted for any nwBber of animal<^eriV6d products, including but not 
limited io blood-derived producu; semm, albumin» antibodies, fihrinogen, factor Vm,. etc), 
tissue or organ extracts and/or hydrolysates bovine pituitary extract (BPE), bovine bndn 
extract, chick embryo extract and bovine embryo extract), and animal-derived lipids and fatty acids, 
peptones, Bxcyte, sterols (tf.^., cholesterol) and lipoproteins (c.g.^ high-density and low-density 
lipoproteins (HDLs and LDT^, respectively)). 

The invention ftuther provides compositions comprising the culture media of the present 
inv ntion and an animal c:ell, including any of the aniiuul cells described herein. 

Other preferred embodiments of die present invention will be apparent to one of ordinary 
skill in the art in view of the following drawings and description of the invention. 

BRIEF DESCRIPTFON OF THE FIGURES 
Figure 1 shows the effect of Plant Powder on the growth of Hybridoma P1F6. 
Figure 2 shows the effect of Plant Powder on IgG production in Hybridoma P1F6. 
Figure 3 shows the erfect of Plant Powder on specific productivity of Hybridoma P1F6. 
DISTAILED DESCRTFriON OF THE INVENTION 

Definitions : 

In the following description, a numl>er of terms conventionally used in the field of cell culture 
me^a are utilized extensively. In order to provide a clear and consistent understanding of the 
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i^>ccincaiion and claixxis and the f^cope to be given such lerrns, the following definition;; are provided. 

"Culture'' or "cell culture** refers to the maintenance of cells in an artinciul. In vitro 
environment. It is to be understood, however, that the term "cell culture** is a generic term and may 
be used to encompass; the cultivation not only of individual cells* but also of tissues, organs, organ 
systems or whole organisms, for which the terms '^tissue culture," "organ culture," "'organ system 
ciilluxu''* or ^oiganoQpic culture" may occasionally be used interchangeably with the term "cell 

The phrases ''cell culture medium," ''culture medium" (pltxnil *inedia*' in each cose) and 
"^medium formulation** refer to a nutritive solution for cultivating cells and may be used 
intcichangeably^ 

The term "cultivation" refeis to the maintenance of cells in vitro under conditions favoring 
growth, differentiation or continued viability, in an active or quiescent state, of the cells. In chis 
tsxsnsx^ "cultivation" may be used interchangeably with "cell culture" or any of its synonyms 
described above. 

The term "culture vessel** refers to a glass, plastic, or metal container that can provide an 
aseptic enviroiuuent for culturing cells. 

The term "contacting** refers to the placing of cells to be cultivated in vitro into a culnire 
vessel with flie medium in which the cells are to be cultivated. The term "contacting" encompasses 
mixing cells with medium, pipetting medium onto cells in a culture vessel, and subn:icrging cells in 
ralture medium. 

The term "combining" refers to the mixing or admixing of ingredients in a cell culture 
medium formulation. 

The term "cytokine" refers to a compound thai intluces a physiological response in a cell, 
such as growth, diffcrentiuLion, senescence, apopiosis, cytotoxicity or antibody secretion. Included 
in this definition of "cytokine** arc growth factors, interleukins, colony-stimulating factors, 
interfeions and lymphokines. 

The term "enzymatic digest" refers to a composition comprismg a spec]all/.ed type of extract, 
namely one prepared by treating the substance to be extracted plant components or yeast cells) 
with at lea.st one exxEymc capable of breaking down the components of tlie substance into simpler 
forms ie.g.^ into a preparation comprising mono- or disaccharides and/or mono-, di- or tripeptides). 
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In this context, and for purposeit of the present invention, the tem» "hydrolysate" may bo used 
interchangeably with the term "enzymaUc digest." 

The lenn "extract" refers to a composition comprising a concentrated preparation of the 
componenu; of a substance, typicaUy fonncd by treatment of the substance cither mechanically 
by pressure treatment) or cheinically (e.^.. by distlUation, precipitation, enzymatic action or high salt' 
treatment). 

The term "lipid" refere generaUy to watcr-iniioluble oigaiiic molecules that can be extracted 
irom cells and Ussues by nonpolar solycnti^ Lipids are genereUy classified as complex lipids (which 
contain fairy acids) or simple lipids (which do not eonUiin faiiy acids). Tha complex Upids include 
acylglycerols, phosphoglycerides, sphtngolipids and waxes. The simple lipids include terpencs. 
steroids and prostaglandins. Tctpones include compounds sudi as genmiol, limonene, menthol, 
pinene. camphor and carvone. Steroids include the subgioup "sietols." which are steroid alcohols 
containing a hydroxyl group and a bnincfied aliphatic chain of eight or more carbon atoms. See 
generally, Lebninger. Albert L., Biochemistry, Worth Publishers. Inc. New York, pp. 279-306 
(1975), wiiich is herein incorporated by reference. 

The term "ingredient" refers to any compound, whether of chemical or biological origin, that 
can be used in ccU culture media to maintain or promote the growth or proliferation of cells. The 
tcnns "component." "nutrient" and 'Ingredient" can be used interchangeably and are all meant to 
refer to.suclj compound.s. Typical ingredients that are used in cell culture media include amino acids, 
salts, mctak, sugars, lipids, nucleic acids, hormones, vitamins, fatty acids, proteins and the like. 
Other ingredienis that promote or maintain cultivaUon of cells ex vivo can be .selected by those of 
skill in the art, in accordance with the particular need. 

The term "non-animal derived." "non-anmial ingredient." or "derived from non-animaj 
source.";" refers to the origin of the compound, molecule, peptide, lipid, fetty acid. etc. of interest. 
Such non-animal sources may include chemical synthejiLs or synthetic preparations or isolation, 
preparaUim or purification of the compound, molecule, peptide, lipid, fatty acid, etc. of interest from 
bacteria, yeasu fungi, and plants. 

A cell culture medium i.s composed of a number of ingredients and these ingredients vaiy 
Xiom ne culture medium to another. A "IX foimulation" refere to any aqueous soIuUon that 
contains some or all ingredients found in a ccU culture medium at woridng conccntnitions. The •'IX 
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ronuulaiiun*' can refer to, for example, ihe cell culture medium or to any subgroup of ingmdients for 
that medium. The concentration of an ingredient in u IX solution is about the same a<i the conccn- 
traiion of that ingredient found in a cell culture formulation used for maintaining or cultivating cells 
in vitro. A cell culture medium used for the in vitro cultivation of cells is a IX fomiulation by- 
definition. When a number of ingredients are present, each ingredient in a IX fonmulation has a 
concentration about equal to Uiu coneenliation of those ingccdients in a cell culture medium. For 
tBxampIe, RPMl-1640 culture medium contains^ among- other ingredients, 0.2 g/!L Lr-aigihine, 0.05 
g/L Lr-aspara^e, and 0.02 L^aspartic acid. A ^IX formulation** of these amino acids contains 
aibQut the same concentrations of these ingredients in solution. Thus, when referrii>g to a **IX 
fonmiiation«'' it is intended that each ingredient in solution has the same or about the same 
conccmtration as that found in the cell culture medium being described. The concentrations of 
ingredients In a IX formulation of cell culture medium are well Icnown to those of ordinary skill in 
Oie ait. See Allen R. Liss, Methods For Preparation of Media, Supplements and Substrate For 
Serum^Free Animal Cell Culture^ N.Y. (1984), which is incorporated herein by reference in its 
entirety, llie osmolarity and/or pH* however, may differ in a IX formulation compared to the 
culture medium, particularly when fewer ingredients are contained in the IX formulation. 

A ^*10X formulation** refers to a solution wherein each ingredient in that solution is about 10 
limes more concentraied than the same ingredient in the cell culture medium. For example, a lOX 
ibmwlation of RPMT-1640 culture medium may contain, among other ingredients, 2.0 g/L 
ai^ininc, 0.5 g/L L-asparaglne, and 0.2 g/L L-aspartic acid (compare IX formulation, above). A 
**10X formulation** may contain a number of additional ingredients at a conccntratibn about 10 times 
that found in the IX culture medium. As will be readily apparent, •'20X formulation," **25X 
formulation," **50X formulation*' and •'lOOX formulation" dasignate solutions thai contain 
ingnsdients at about 20-, 25-* 50- or 100- fold concentrations, respectively, as compared to a IX cell 
culture medium* Again, the osmolari^ and pH of the media formulation and concentrated solution 
may vary. 

Formulation of Culture Media 
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BasiUMedia 

The cell culture media of the present invention are aqueous-based and comprise a number of 
ingredients in a Kolution of dcionizcd, distilled water to fomi a "basal media*" Any basul medium 
can be used in accordance with the present invention. Tiic basal media of the present invention may 
-include tlic following ingredienu»: amino acids, vitamin*;, organic and/or inorganic . salb;, trace 
Clements. buiTering KalLs and sugars. Prefembiyt tlic basal media of the invention comprise one or 
more amino acids, one or more vitamms, one or more inorganic salts, adenine sulfate, ATP, one or 
more trace elements, deoxyribose, ethanolamine, D^glucosc, glutatliione, N-[2-l]ydroiQfctfayl]. 
piperazine-N'-l2-cthancsulfonic acid] (HRPBS) or one or more oilier rwitterion buffcis, 
hypbxanthinc, linoleic acid, lipoic acid, insulin, phenol red, phosphoethanolamine, putre.'^ne. 
s dium pymvatc, thymidine, uracil and xanthine. Each of these ingredients may be obtained 
commcreiallyv for example from Sigma (Samt Ijouis, Missouri). 

Amino acid ingredient;; which may bo included in the media of the present invention include 
L-alanine, L^arginine, l>-asparagine, L«aspanic acid, I^ystine, Lrcystcino, L-glutamic acid, 
L-glutamine, glycine, L-histidine, I>isolcucine, Ueucine, Lrlysine, I^mcthionine, L-phenylalanine, 
Lr-proline, I^serine, L-threonine, I^tiypioplum, Lrtyrostne and Lrvalinc. Those amino acids may be 
obtained commercially, for example firom Sigma (Saint Louis, Missouri). 

. Vitamin ingredients wliich may he included in the media of the present invention include 
ascorbic acid magnesium salt, biotin, choline chloride^ i>Ca'^-pantothenate, folic acid, Mnositol, 
menadione, niacinamide, nicotinic acid, paraaminobenzoic acid (PABA), pyridoxal, pyridoxins 
riboflavin, thlaminc*UCl, vitamin A acetate, vitamin B12 and vitamin I>2- These vitamins may be 
obtained conuncrcially, for example from Sigma (Saint Louis, Missouri). 

Inorganic .^It ingredients which may bo used in the media of the present invention include 
CaClz, Ka, MgCl2, MgS04, NaCl, NaHCOj, NazHP04, NaH^PO^HzO and ferric citrate chelate or 
&nrous sulfate chelate. These inorganic salLs may be obtained commcreially, for example from 
Sigma (Saint Louis, Misscmri). 

Trace clonienL<$ which may be used in tlie media of the present invention include ions of 
barium, bromium, cobalt, iodine, manganese, chromium, copper, nickel, selenium, vanadium, 
titanium, germanium, molybdenum, silicon, iron, fluorine, silver, mbidium, tin, zirconium, 
cadmium, zinc and aluminum. These ions may be provided, for example, in trace element salts such 
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as Ba(C2H302)2, KBr, CoClrfiHzO. KI. MnCh ^HjO. Cr(S04Xvl5H20, CuS04-5H20. NiSO^-eHiO, 
HiScCb, NaVOj. TiCLi, Ge02, (NH4)6M07O24-4H2O, Na2Si03-9H20, FeS04-7H20. NaF. AgNO^, 
Rba. SnCl2, ZrOCirfiHzO, CdS04-8H20, ZaS04-7H20, Fc(N03)3-9H2O, AlCI.veHzO. 

The specific combinations of the above ingredients, their concentration ranges and prefermd 
.conceniration5i in the ba5;al media are shown in Table t . 

Cytokines which iimy be used in tlie media of tlie pnssenl invention include growth faclozs 
such as epidermal growth factor (EOF), acidic fibroblast growth factor (aFOP), basic fibroblast 
growth factor CbFOF), hcpatocytc growth factor (UGF), insulin-like growth factor 1 (IGF-l), itisulin- 
like growth factor 2 (lGF-2), kcratinocytc growth factor (KGF), nerve growth factor (NGF), platelet- 
derived growth factor (PDGF). transforming growth factor beta (TGF^P), vascular endothelial cell 
growth factor (VKOF), transferrin, various interleukins (such as IL-1 through ILr-18), various colony- 
stimulating factors (such as granulocyte/macrophage coIony*stimulating factor (GM-CSF)), various 
interferons {such as IFN-^) and other cytokines having effects upon hematopoledc stem ceUs such as 
stem cell factor (SCF) and erj^hropoietin (Epo). These cytokines may be obtained commercially, for 
example from Life Technologies, Inc. (Rockville. Maryland) or R&D Systems (Minneapolis. 
Mirmcsota), and may bu cillier naturul or rucunibinanu Most preferably, for culture of a wide variety 
of xnammalian cells, the basal media will contain EGP at a concentration of about O.l-lOO 
nsmpgrams/millililer. preferably about 1-10 nanograms/milliliter, and most preferably about S->10 
mm grams per milliliter. Other cytokines, if used, may be added at concentrations that are 
detemiined empirically or as guided by the established cytokine art. 

Additional ingredients that may be iticludcd in the present media are insulin (especially as 
insulin^Zn'^ and transferrin. These additional mgrcdients, available commercially (for example, 
fix>m Sigma, St Louis. Missouri), may be formulated into the present media at the concentration 
xangcs and preferred concenlralions shown in Table 1. An iron salt or chelate (e.g., ferric citrate 
chelate or ferrous sulfate) can be used in the present media as a substitute for transferrin. 
Additionally, recombinant insulin or zinc based salts (e.g.. ZnCl etc.) may be substimtcd for animat- 
or hnman-derived in.sulin. 
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Table 1. Animal cell culture basal medium component concentrations 



Component 

- 


Component 
Ranges 
(mg/IO 


A Preferred 
Rmbodiment 
(mgAL.) 

■■ 


jyioisi irreierrea 


Ammo AciQs 


ttbouts 


iibout* 


about: 


Li«Alanine 




9 


8i>0 


JLrAreJntnc'HCl 




400 


390.0 


Lr-AspaniKme-HizO 




41 


41.01 


LrAspaxtic Acid 




13 


13.30 


LrCystme-2HCl 


0.1-250 


115 


114.67 


LrCysteine-HClHiO 


2-250 


24 


24.39 


L^Glutamic Acid 


5-250 


11 


10.73 


Glycine 


1-200 


8 


7.50 


L-Histidino-HCM hO 


5-250 


68 


68.29 


I>l50lcucine 


5-500 


171 


171.34 


LrLeucinc 


25-350 


180 


180.44 


L-Lvslne-HCl 








L-Methionine 


5-200 


51 


50.62 


ly-Phcnylolanine 


5-250 


97 


96.79 . 


L-Prolinc 


1-250 


40 


40.00 


LrScrine 


5-250 


50 


50.44 


L-Threoninc 


10-300 


130 


130.43 


L-Tryptophan 


2-110 


25 


24.76 


L-Tyrosiiie.2Na*.2ItC 


5-400 


137 


137.16 


1-nVallnc 


5-400 


137 


137.38 
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Table 1 (continued) 



(component 


ConiDonent ICanse 


A Preferred 
Kmbodiment 

(mg/L) 


Most Preferred 
Emhodimi^nf 




about* 


about; 


about; 


Aoeninc ouiiatc 


0.01-75 


10 


10.0 


AXir 


0.001-0.1 


0.1 


0.09 


Z-Dcoxyribose 


O.OS-5.0 


0.5 


0^0 


T^aA » » - TY^^l 

CtaanoIanune-HCI 


0.1-10 


2 


1.90 




1500-5000 


3900 


3902.4 


wiuininionc 


O.OOSo.O 


1 


0.60 




1000-5000 


1800 


1800.0 


Ilypoxanthine-Na^ 


0.1-15 


2 


1.66 


l^noleic Acid 


0.001-0.1 


0.04 


0.035 


Lripoic Acid 


0.01-10 


008 


0 07"? 




0.5-50 


5 


5.00 


Phenol Red 


0.5-15 


4 


4.00 


Phosphoethanolamine 


0.1-10 


1 


1.20 


Putre.scinc-2HC1 


0.000 l-O.Ol 


0.004 


0.004 . 


Sodium Pyruvate 


10-300 


150 


150.0 


Thymidine 


0.05-25 


0.3 


0.28 


Uracil 


0,03-10 


0.3 


0.30 


Xanlhinc-Na^ 


0.005-1 


0.03 


0.03 
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Table 1 (continued) 



Component 


Component 
Ranges 
CmgfL) 


A. ArFcierreu 
Embodiment 


Most Preferred 
Embodiment 


Vitamins* 


about: 


about: 


about: 


Ascorbic Acid. Mg salt 


1-250 


50 


50.0 


Biotin 


0.01-1 


0.08 


0.075 


Choline Chloride 


l-ISO 


8 


8.00 


D-Ca^-Pantothcnatc 


0.05*10 


2 


2.00 


Folic Acid 


0.1-10 


2 


2.00 


i-Tnositol 


1-75 


18 


18.00 


Menadione 


0.001-0.1 


O.Ol 


0.01 


Niacinamide 


0.1-5 


2 


2.00 


Nicotinic Acid 






0 025 


PABA 


0.001-0.1 


0.05 


0.05 


Pyridoxal-HCI 


0.001-5 


1 


1.00 


PyridoxinellCl 


0.005-10 


0.03 


0.025 


Ribofiavlii 


0.01-5 


0.2 


0.200 


Thiainine-IXCJ 


0.1-5 


2 


2.00 


Vitamin A Acetate 


0.01-1.0 


0.1 


0.14 


Vitamin B 12 


0.01-5 


03 


0.50 


1 Vitamin D2 


O.Ol-l 


O.I 


0.10 
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Table 1 (continued) 



Component 


Component 
Ranges 
(mefLii 


A Preferred 
Rmoooiment 


Most Preferred 
Kmbodiment 


1 ruce ibiemcniB 


aUOIIl* - 




aDOUts 


AgNQ3 


0*(XaXXXXI I hIaKXI 1 


O.OO009 


0.000085 




O.OOOOl-O.OOl 


O.OOOo 


©•000564 


t> #»//*• u /A \o 


f 1 J X X X 1 1 -CM K]r> 


A" AA1 






U.CAAAI I -ii.il 1 


A AAQ 


- A AA*7A 




U.UUUU I -U.UUD 


A AAf 


A AA1 1 «ft 

U.UUI 13 




A AAA1 . A AA 1 


A AAA1 


A AAA"^ t 
U.UUU3 1 


C*Ud\J40±l2W 


A AAAA1 A AA< 


A AAO 


A AAf 0«) 




A AC C 


A TC 


A 






O.l 


0.094 


Gc02 


0.00000 1-0-005 


0.0003 


0.00025 


H2Se03 


0.00001-0.005 


0-002 


0.0015 


ivor 


U.OOOOOOl -O.OuO 1 


O.OOOOo 


0.000055 


isl 


0-000001-0.0002 


0.00009 


0.000085 




0«UCXKXI I -O.OO I 


/\ /\A/V1 


0-00014 


Nar 


0.00001-0.005 


0.002 


0.00197 


Na2Si03*9H2Q 


0.001-0.2 


O.I 


0.094 


NaVOa 


0.00001-0.001 


0.0006 


0.00056 


(NH4)6M07O24-4H,O 


0.00001-0.01 


0.006 


0.0056 


NiS04-6H20 


0.000001-6.0001 


0.0001 


0.000094 


RbCl 


0.000001-0.001 


0.0007 


0.00066 


SnCl2 


O.OOOOOl-O.OOOl 


0.00002 


0.000024 


TiCU 


0.000001-0.001 


O,O00.S 


0.00047 


ZnS04-7H20 


0.0002-1.0 


0.2 


0.207 


2M3Cl2*8H20 


0.60001-0.01 


0.002 


0.0015 
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Table t (continued) 



CoiniK>ncnt 


Component 
Ranges 


A Preferred 
Embodiment 


Most Preferred 
Embodiment 
imgri^j 


biorsanlc S&lts 


about: 


about: 


about; 






120 




KCl 


1-500 


300 


320.00 




1-500 


125 


125.00 


MKSO4 


10-500 


100 


98.0 


Naa 


3000-9000 


6000 


.5700.0 




100-4000 


2200 


2200.0 


Na2HPO« 


1-500 


300 


299.75 




10-750 


SO 


47.00 


Ferric Citrate Clieiate 


0.01-2 


1 


0.60 



Complete Media 

The above ingredient^;, when admi^ced together in solution, rorm a "basal medium." Other 
basal media, however* can be cquiyalently used in accordance wiili the present invention. According 
to the invention, at least one peptide, e^^dact, enzymatic digest or hydrolysate of a non-animal or a 
5 plant and particularly of a plant protein, and/or at least one non-animal-derivcd or plani-derived lipid 
und/or fatty acid, is added to the basal medium to fomiulate the complete culture media of the 
present invention. 

Plants suitable as sources of proteins, peptides, lipids and/or fatty acids in fonnulating the 
culture media of the present invention include, but are not limited to, rice, soy, potato, com and aloe 
10 vera. Particularly preferred as a soiuoe of plant protein is rice. Tlie use of wheat as a source of 
plant-derived proteins is specifically excluded from the present invention, as extracts and peptide 
preparations from wheat have been shown to contain inhibitors or protein synthesis in animal cell 
systems (Coleman, W.H., and Roberts, W.K., Biochinu Biophys. Acta 696:239-244 (1982)) and to 
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induce toxic effects in certain mammalian cells, tissues and organs in vitm and in vivo (Strobcr, W., 
CI oL. Ann. Int. Med. 55:242-256 (1975); Aurrichio, S., et al, Pediatr. Res. 22^:703-707 (1987)). 
However* lipids and/or fatty acids from wheat are not excluded from the present invention. 

Non-animal or plant peptides for use in formulating the culture media of the present 
invention may be prepared by digesting non-animal or plant extracts with enzyines such as trypsin or 
chymotiypsin by methods that are routine in llic ail. Altcmalivcly, peptides in the form urenzyrrmlic 
digests or hydrx>ly5ates may be obtained commercially, for example from Quest International 
(Norwich, New York). Non-animal or plant peptides arc added to the basal medium at a 
concentration of about 10-1000 mg/litcr, preferably about SO-SOO nigAitcr, and most preferably about 
100-200 mg/ltter. 

In another preferred aspect« at least one non-anirruil or plant lipid and/or fatty acid may l>e 
added to prepare the media formulations of the present invention. Non-animul or plant 
lipids/fatty acids suitable for use in the present culture media may be obtained from any of the 
above-described plant sources and others thai will be familiar to one of ordinary skill, and from 
bacteria, yeast and fungi, using methods of llpid/fatty acid isolation (for example, extraction, 
chromatography, particularly HPLC and the like) that arc well-known in the art. Alternatively, 
plant as well as non-animal lipids/fatty acids and complexes of lipids and/or fatty acids may be 
obtained commeieially, for example from Matreya, Inc. (Pleasant Gap, Pennsylvania) or Sigma 
(Samt Louis, Missouri), Fatty acids (or combinations thereof) for use iii the invention include 
saturated and unsaturated fatty acids. Unsaturated fatty acids include monoenic acids, dienoic 
acids, and higher fatty acids (e.g., tri, tetra, penia and hexaenoic acids, etc*)- See generally, 
Lehningcr, supra. Particularly preferred lipids/fally acid<; for ase in the present culture media 
include, but are not limited to, paJmiiate, slearate, oleate, linoleate, linolcnate, aracliidate, 
Ttiyristate, hehenate, erucate, lignoccrate, caprylate, caprate, laurate and paUnitoleatc (or 
combinations ihereoQ. Additionally, plant-derived sterols, known as phytosterols, and fungi- and 
yeasl^erived sterols, known as mycosterols, may be used as the lipid ingredient according to the 
present invention. Such non-animal derived sterols include, but are not limited to, brassicastcrol, 
campesterol, desmosteiol, ergosterol, fucosterol, lanosterol, stigniastanol (p-sitostcrol), sitosterol, 
sdgmasterol mid stigmastetol acetate, all of which aro commercially available, for example from 
Matxcya, Inc. (Pleasant Gap, Pennsylvania) or Sigma (Saint Louis, Missouri). 
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These lipids/faliy acids may be added individuaUy or as mixtures comprisiufi two or mure 
of the above-described lipids/fatty acids, preferably in specific proportiom as described in more 
deian below. Preferably, non-animal or plant lipids/fatty acids arc added to a basal medium at 
c nccntrations of about 0.00001 to about 10,000 Mg/ml, more pxcfoiably about 0.0001 to about 
1000 jig/ml, and mosrt preferably about 0X)0I to about 100 |Ag/inI. 

Toficdicr, the basal medium Including non-animal or plant-derived peptides and/or non- 
animal or plant-derived lipid.«5/fatiy acid!) formulate complotc culture media aocoiding to the prej»ni 
invention. These complete media are miitable for use In the culture of a varied of nnimol cells, as 
described in more detail below. It my be preferable, however, to further euich the nutritional 
content of the complete media to support faster erowtb and enhanced production of biologicals by 
the cultured cells, and to provide a more suitable enWrenment for the culture of f^tldious anhnal 
cells. To accomplish such enrichment, one or more additional nutrictiis derived from non-animal 
sources may be added to the above-described basal or complete media. 

In one enriched medium of the invention, the additional nutrienUs added to the basal medium 
or complete medium may comprise exttacts of yeast cells (hereinafter "yeast extract" or "YE"), and 
mojjt preferably are ultniflltered YE (hereinafter "yea.st extract ultiafdtnite*' or "YELT'). Such 
extracts may be prepared by mediods generally known to those skilled in the art of bacteriological or 
animal cdl culture medium foimulation. or may be obtained commercially, for example from Sigma 
(Saint Louii^, Mi.«5.souri), Difco (Norwood. Massachusetts) or Quest Intemadonal (Norwich. New 
York). YE or YEU are added to the basal or complete media described above at concentrations of 
about 10-8000 rogmter, preferably about 10-100 mg/litcr, and most preferably about 50-100 mg/liter. 
Alternatively, YE or YEU may be added to the basal media at the.se conceniraiions. in the absence 
of wheat-derived plant peptides, enzymatic digests of animal proteins and peptones, to formulate a 
suitable animal cell culmtx5 medium according to the present invention. 

The medium ingredient.*} can be dissolved in a liquid carrier or maintained in diy form. If 
dissolved in a liquid carrier at the preferred concentration.s stiown in Table 1 <t.c., a "IX 
formulation"), the pH of the medium should be adjusted to about 7.0-7.5, preferably about 7.1-7.4. 
and mo!5t preferably about 7,1-7.3. The osmolarity of the medium should also be adjusted to about 
275-350 niOsm. preferably about 285-325 mO.sm, and most preferably about 300^325 mOsui. The 
tyt» of liquid carrier and the method u.<;ed to dissolve the ingredients into solution vary and can be 



detennined by one of oxdinaiy skill in the art with no more than routine experimentation. Typically, 
the medium ingredients can be added in any order. 

Prefembly« the solutions comprising ingredients are more concentrated than the conccntradon 
of the same ingiiedienu in a IX media rormulution. Hie ingredients can be 10-fold moie 
concentrated (1 OX foimulation), 20-fold more concentrated (20X formulation), 2S*rold more 
concentrated (25X formulation), SO*fold more concentrated (SOX concentration)* or lOO-fuId more 
concentrated (lOOX formulation). More highly conceninUed fonnulutions can be made, provided 
that the ingredienbs remain soluble and stable. See VS. Patent No. 5,474,93 1. wlueh is directed to 
methods of solubili?:ing culture media components at tugh concentradons. 

10 Tf the media ingredients arc prepared as separate concentrated solutions, an appropriate 

(sufficient) amount of eaich concentrate is combined with a diluent to produce a IX medium 
formulation. Typically, the diluent tised is water, but other solutions including aqueous buffers, 
aqueous saline solution, or other aqueous solutions may be used according to the invention. 

The culture media of the present invention are typically sterilized to prevent unwanted 
contamination. Sterilization may be accomplished, for example, by filtration through a low protein- 
binding membrane filter of about 0.1-1.0 yun pore nizG (available commercially, for example, from 
Milliporc, Bedford, Massachusetts) after admixing the concentrated ingredients to produce a sterile 
culture medium. Alternatively, concentrated subgroups of ingredienus may be filter-^stcrilizcd and 
stored nR .sterile solutions. These sterile concentrates can then be mixed under aseptic conditions 

20 -with a sterile diluent to produce a concentrated IX sterile medium formulation. Autoctaving or other 
elevated temperature-based methods of sterilization are not favored, since many of the components 
of the present culture media arc heat labile and will be irreversibly degraded by temperatures such as 
those achieved diuing most heat sterili/^itinn methods. 

The optimal concentration ranges for the basal medium ingredients are listed in Table 1. 

25 These ingredients can be combined to form the basal animal cell culture medium which is then 
supplemented with cytokines, non-animal or plant peptides and optionally (but preferably) with YE. 
YHU and/or one or more non-animal or plant lipids/fatty acids (or combinations thereof), to 

V formulate the complete media of the present invention- As will be readily apparent to one of 

ordinary skill in the mU the concentration of a given ingredient cam be increased or decreased beyond 

10 the:iange disclosed and the effect of the increased or decreased concentration can be determined 
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using routine experimentation. In a picfcncd embodiment^ the concentratlonf; of the ingredients of 
the medium of the present invention are the concentrations listed in the far right column of Tabic 1, 
Btipplemented with cytokines^ non-animal or plant peptides and YB, YBO and/or one or more non- 
anhnal or plant lipids/futty acids us described above. 

As will be readily apparent to one of ordinary sicill in the &rt» eacli of the components of the 
culture medium may react with one or more other components in the solution* Thtis, the present 
invention encompasses the formululions disclosed in Table 1. supplemented as described above, as 
well as any reacUon mixtiu^ which fomis after these ingredients are combined. 

The optimization of the present media formulations was carried out using approaches 
described by Ham (Hanit R.G.. Metlwdsfor Preparation of Media. Supplements and Substrata for 
Serum-Free Animal Culiure^ Alan R- liss, Inu.« New Yurie, pp. 3*21 (1984)) and Waymouth 
(Wa3rmouth« C.« Methods for Preparation of Media, Supplements and Substrata far Serum-Free 
Animal Cidture. Alan R. liss. Inc^ New York, pp, 23-68 (1984)). The optimal final concentrations 
for medium ingredient; are typically identified either by empirical studies. In single component 
titration studies, or by interpretation of historical and current scientific literature. In single 
compommt liiralion ^ttudics, wsing animal cells, the concentration of a single medium component is 
varied while all other constituents and variables are kept constant and the effect of the single 
continent on viability » gmwjth or continued health of the animal cells is measured. 

The present invention also relates to methods for replacing or substituting animul-derived 
products wtih non-animal or plant peptides, non-animal or plant lipids and/or fatty acids, and/or 
cnT^ymatic digests or extracts of yeast cells (or combinations thereoO- Such non-animal-, plants 
and/or yeast-dcrivcd nutrients may be substituted for any number of amnial*dcrived culture medium 
components or substituents« incliuling but not limited to blood-dcrivcd products, tissue/nrgan/gland 
extracts, aniuiul-derived fatty acids and lipids, sterols, and lipoproteins. Preferably, blood-derived 
products and tLssue/organ extracts are substituted in the culture media of the invention using one or 
more of the above-described non-animal or plant-dcrivcd peptides, while animal-derived fatty 
acidsAiplds, sterols and lipoproteins, arc preferably substituted with one or more of the above- 
described non-animal or plant-derived lipids/fatty acids. Typical blood-derived products that may be 
replaced in accordance with this aspect of the invention include but are not limited to serum (e.^., 
fetal bovine serum and calf serum,.human scrum, etc.), plasma, albumin (tf./r-» bovine scram albumin 



or human .serum albumtn)« antibodies, fibrinogen, factor VUI, etc. Typical tissuc/oi^an/gland 
xlructs Uiut may be replaced in accordance with this aspect of the invention include but are not 
limited to bovine pituitary extract (8PE), bovine brain extract, chicken embryo extract and bovine 
embryo extract In accordance with the invention, any animal-derived fatty acid or lipid, including 

1 saturated and nnsamrated fatty acidsAipids that are well-known in the art, may be replaced with one 
or more of the above-described non-unimal or plant-derived lipids/fatty acids. Additionally, animal- 
derived sterols (e.^., cholesterol) and lipoproteins (e.ji^, high- and low-density lipoproteins CUDLs 
and LDLs, respectively)) may be replaced with one or more of the above-described non-animal or 
pJant^erived liplds/fatty acids in accordance with the invention. Other animal-derived mcdiun 

) components; which may be replaced by one or more non-*animal or. plant-derived nutrients in 
accordance witli the invention can be easily determined by one of ordinary sidll in the art by 
suUstilutlng one or more non-animal or plant lipids/fatty acids, non-animal or plant peptides and/or 
extracts/digests of yeast (or combinations thereof) and testing the effect of such substitution on cell 
growth by methods that will be familiar to the ordinarily skilled artisan (such tis those methods 

5 described in the examples below). 

The present invention fuither relates to a kit fur replacing one or more animal-derived 
ingredients in a cell culture medium, wherein the kit comprises one or more non-animal or plant 
derived peptides and/or one or more non-animal or plant-derived lipids or fatty acids or 
combinations thereof. 

0 Use of Culture Media 

Cells which can be cultivated in tiic medium of the present invention are those of animal 
origin, including but not limited to cellj^ obtained fmm mammals, birds (avian), insects or fish- 
Mammalian cells particularly suitable Tor cultivation in the present media include those of human 
origin, which may bo primary cells derived from a tissue sample, diploid cell stmins, transformed 
S cells or established cell lines (e./?., HeLa), each of which may optionally be diseased or genetically 
* altered. Other mammalian cclLs, such a<; hybridomas, dlO cells, COS cells. VERO cells, IleLa 
ccUs, 293 cells, PER-C6 cells, K562 cells, MOLT-4 cells. Ml cells, NS-1 celk. COS-7 ceUs, MDBK 
cells, MDCK cells, MRC-S cells. WT-38 cells, WEIU cells, SP2/0 cells, BHK cells (including BHK- 
21 cells) and derivatives thereof, are also suitable for cultivation in the present media. In particular, 
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stem ccUs and celjjt used in in vitro virus production may be cultivated in the media of the prewnt 
invention. Insect ceils particularly suitable for cultivation in the preicent media include iho!>e derived 
from Spodoptcra species ie.g., Sf9 or Sf2U derived from Spodopteru frut^iperdd) or Trichoplusa 
•species HIGH FIVE™ or MGl, derived from Trichophisa ni). Tissues, organs, organ systems 
5 and organisms derived from animals or consmicied In vitro or in vivo ming methods routine in the 
art may sunilarly be cultivated In the culture media of the present invention. 

Isolation of Cells 

Animal cells for culturing by the present invention may be obtained commercially, for 
example from ATCC (Rockville, Maryland). Cell Systems. Inc. (Khrkland. Washington) or 
10 Invitrogcn Coxporation (San Diego, Califomla). Alternatively, cells may be isolated direcUy from 
samples of animal tissue obtained via biopsy, autopsy, donation or other surgical or medical 
procedure. 

Tissue should be handled using sumdard sterile technique and a laminar flow safety cabinet. 
In the use imd processing of all human tissue, the rcconuncndatioas of the I>cpaitment of Healtii 

« J and Human Services/Centers for Disease Ck>ntrol and Prevention should be followed (Biosafety in 
Microbiological arul Biomedical Laboratories. Richmond, J.Y. et al^ Eds., U.S. Government 
Printing Office. Washington, D.C. Snd Edition (1993)). The tissue should be cut into small pieces- 
(e.jg., 0,5 X 0.5 cm) using sterile suigical instruments. The small pieces should be washed twice with 
sterile saline solution supplemented with antibiotics as above, and then may be qpUonally treated 

20 with an enzymatic solution (e.f., collagenase or trypsin solutions, each available commercially, for 
example, from Life Technologies, Inc., Rockville, Maryland) to promote dissociation of cells from 
the tissue matrix. 

The mixture of dissociated cells and matrix molecules are washed twice with a suitable 
physialogieal saline or tissue culture medium (e./f., Dulbccco's Phosphate Buffered Saline without 
2S calcium and magnesium). Between washes, the cells are ccnuifugcd (c.^., at 200 x fO and then re- 
suspended in serum-free tissue culmre medium. Aliquots are counted using an electronic cell 
counter (such as a Coulter Counter). Alternatively, the cells can be counted manually using a 
hcmocytometen 
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Fluting of Cells 

*l*he isolated cells can be plated according to the expcrimcnial conditions determined by the 
investigator. The examples below demonstrate sit least one functional set of culture conditions useful 
for cuUivation of ceitain mamnialian cells. It is to be underKtood, however, that the optimal plating 

S and culture conditions Tor a given animal cell type can be deteraiincd by one of ordinary skill in the 
• art using only routine experimentation. For routine culture conditions, using the prcjient invention, 
cells can be plaled onto ttic surface of culture vessels witliout attachment factors. Altornatt vely, the 
vessels can be prc-coated with natumi, recombinant or synthetic attachment factors or peptide 
fragments (eg., collagen or Hbronectin, or natural or synthetic fragments diereol). Isolated cells can 

10 * also be seeded into or onto a natural or synthetic iliree-dimcnsional support matrix such as a 
preformed collagen gel or a synthetic biopolymetic material, or onto feeder layers of cells. Use of 
attnchmont factors or a support matrix with the medium of the present invention will enhance 
cultivation of many attachment-dependent cells in the absence of serum supplementation. 

The cell seeding densities for each experimental condition can be optimized for tlic specific 

i5 cultaie conditions being used. For routine culture in plastic culture vessels, an initial seeding density 
of O.l-I.O X 10^ cells per cm^ or about 1.5X the plating concentration routinely used for the same 
colls in serum supplemented tnedia is preFerahle. 

Mammalian cells arc typically cultivated in a cell incubator at about 37^C, while the optimal 
temperatures for cultivation of avian, nematode and insect cells are typically somewhat lower and arc 

20 well-known to those of ordinary skill in tlic art. The incubator atmosphere should be humidified for 
cultivation of animal cells, and should contain about 3-10% carbon dioxide in air. Culture medium 
pH should be in the range of about 7.1-7.6, preferably about 7.1-7.4, and tnost preferably about 7.1- 

Cells 10 closed or batch culture should undergo complete medium exchange replacing 
25 spent media with fresh media) about every 2-3 days, witli more or less frequently as required by the 
specific cell type. Cells in perfusion culture ie.g.^ in bioreaciors or fermenters) will receive fresh 
media on a continuously re-circulating basis. 
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Cen CuUure Compositions 

Tho cell cultuie media of the pies^ni invention may also be used to produce cell cultuie 
composition!; comprising the present media and one or more animal cells. Animal toUs preferably 
used in sudi compositions include, but are not limited to, cells obtained from mammaLs. birds 
(uvian), insects or fish. Mammalian cells particularly suitable for use in such compositions include 
thTOe of human origin, which may be prlmaiy cells derived fix)m a tissue sample, diploid coll strains, 
tiansformod cells or established cell lines (e.g., HeLa). each of which may optionally be diseased or 
l^edcally altered. Other mammalian cells, such as hybridomas. CHO cells. COS cdls, VERO cells. 
HeLa cells, 293 cells. PER-C6 cells, KS62 ccUs. MOLT-4 cells. Ml cdls, NS-1 cells, COS-7 colls, 
MDBK 6cIIs. MDCK cells. MRC-5 ccUs, WT-38 cells, SP2A) cells, BHK cells (including BHK-21 
cells) and dcrivaiives thereof, are also suitable for use in fomung the cell culture compositions of the 
present invention. Insect cells partiqilarly suitable for use in forming such compositions include 
those derived from Spocloptera species {e.g., SJP or :?/2/, derived flom Spodaptera frugiperda) or 
Trichoplusa species (c.,i».. HIGH FIVE"* or MGl, derived from Trichoplusa nl). Tissiies, organs, 
organ systems and organisms derived from animals or constructed in vitro or in vivo using methods 
routine in the art may similarly be used to form the cell culture compositions of the present 
invention. These cell cuUuie compositions may be used in a variety of medical (including diagnostic 
and thcrapeudc). industrial, forensic and research applications requiring ready-to-use cultures of 
" Tuiimal cells In scrum-free media. 

It will be readily apparent to one of ordinary skill in the relevant arts that other .<;uiiable 
modincations and adaptations to the methods and applications dcscrihed herein are obvious and may 
be made without departing from the scope of the invention or any embodiment thereof. Having now 
described the present invention in tletail, the same will be more clearly understood by reference to 
Ihe following examples, which are included herewith for purposes of illustration only and are not 
intended to be lintiiting of tho invention. 

EXAMPLES 

Materials and Methods 
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In cadi of the following examples, the following materials and methods were generally used: 
VRRO cultures CATCC) were plated in 25 cm^ cell cuUuie flasks in duplicate in each medium 
at about 2.S x lO' cells per flask in 5 ml of medium. No attachment factors or coating of the plastic 
surface are xequlrcd for the culture of VBRO cells. At 3 to 4 days the cells were removed usmg 

S standard cell culture techniques. The surface of the culture was first washed with Dulbecco's 
Phusphalis Buffered Saline (DPBS) and then 1.0 ml Tcypsin-EDTA (Life Technologies/ Inc., 
Rockville, Maryland) was added. The digest was allowed to sit on the cell surface for 3 to S minutes 
or until the cells rounded up and began to detach from the surface of the fla.sk. The cells were 
completely detached by vigorous agitation against the palm of die hand and then 1«S ml of soybean 

9 tiypsin inhibitor was added to quickly neutralize enzymatic activity. The cells were counted under 
Ihe micioscopc using trypan blue straining solution and new cultures plated at 2.S x lO' cells per 2S. 
cm^ flask. Incubation was at 37^C in S% CO, in air. The cultures were passaged for a total of 4 
subcultures and the mean cells per subculture determined from the counts of the final 3 subcultures 
(P2 + P3+P4-S-3). 

s Example It Fohnutotion of Basal Cell CaUare Medium 

- A 20 liter volume of distilled, deionized water (hereinafter "ddH20") was obtained and a 
suftlcient volume (about 200-300 ml) of 5N HCl was added to dccrea.se the pH of the water to about 
0.80. To this water were added the trace elements (from lOOOx stock), L-alanine (0.22 g), Lr- 
argininc-HCl (9.75 g), l^asparagine-IICl (1»02 g)» L-aspartic acid (0.332 g)» L-cystcinc-HCI-H20 

.> (0.610 g), l^ysline-HCl (2,87 g), glycine (0.188 g), I^glutamic acid (0.268 g), l^histidlne HCl-HbO 
(1.707 g), t^isolcucinc (4284 g), L-leucine (4.511 g), L-lysine HCl (5.640 g). L-methionine (1.266 
g), l>-phenylalaninc (2.420 g), l^proline (1,00 g), L-serinc (i.261 g), I^threonioe (3.260 g), Lr 
tryptophan (0.619 g). L-tyrosine-disodium salt (3.429 g), L-valinc (3.434 g), thymidine (0.0070 g), 
glutathione (0.015 g), pyridoxal HCl (0.025 g), pyridoxine-HCl (0.00062 g), thiamine llCl (0.05 g), 

15 MgS04 (2.45 g) and ferric citrate chelate (0.015 g). The solution was gently mixed by magnetic 
stirring for about 15 minuce.<. The pH of the solution was then adjusted to abnut 5-50 by adding a 
^niflicient volmne (about 20-25 ud). uf .SN NaOH. 
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NaH^FOd (7,494 g), NaiHP04 (1.175 g) and ascorbic acid Mg 5;ali (1^ g) were added and 
the solution Avas again gently mixed for about IS minutes. The pH was then adjusted to about 6.S 
withSNNaOH. 

ATP (0,025 g). uracil (0.007S g). PABA (0.0012 g), D-Ca^-pantothcnatc (0.05 g), riboflavm 

S (P.0QS g). NaCl (142.50 g). CaQa (3.00 g). MgCh (3.125 g) and EQF (0.00025 g) were then added. 
The solution was again gently mixed for about 15 minutes, during which time a 20 ml volume oT 
atbsolule ethanol was obtained, to which were added vitamin A acetate (0.(X>35 g), vitamin D2 
(0.0025 g), menadione (0.(XX>2S lipoic acid (0.(X)19 g) and linoleic acid (O.CX)088 g). After 
'allowing the compounds to dissolve in Uie cthanoU the ethanol solution wb^ added to the 20 liter 

10 . -medium solution from above, and the medium solution was gently mixed for about 5 minutes. 

Biothi (0.0019 gX folic acid (0.05 g), hypoxanthine-Na (0.0415 g), xanthinc-Na (0.0075 g) 
and Insulin-S^"*^ (0.125 g) were added to a 20 ml volume of ddH20, After allowing the compounds 
to dissolve in die water, this water solution was added to the 20 liter medium solution from above, 
and the medium solution was gentiy mixed for about 5 minutes. 

13 The pH or the solution was then adjusted with 5N HCl or 5N NaOH to about 7.15±0.50. To 

this solution were then added adenine sulfate (0.25 g), D-glucosc (97.56 g), choline chloride (0.20 g), 
Mnositol (0.45 g), nicotinic acid (0.00062 g), niacinamide (O.OS g), sodium pyrovale (3.75 g). 2- 
dtsoxyribose (0.0125 g). KCl (8.0 g). putrcscino-2HCl (0.0015 g), phosphocthanolaminc (0.03 g), 
vitamin B12 (0.0125 g). HEPES (45.0 g), NaHCOj (55.0 g) and phenol red (0.10 g). 

20 This .solution was gently mixed for about 10-15 minutes, the pH was then adjusted with 5N 

HCl or5N NaOH to about 7.20iOJ0, and ddH20 was added to bring the final voliime of the solution 
up to 25,0 liters. The osmolality of the solution was determined to be about SlOtlO mOsm. This 
basal medium formulation was then filtered through a low protein-binding filter cartridge and stored 
at 4°C in conditions of diminished light until use. 

25 Example 2: Plant Peptide Screen 

Initial studies were designed to formulate a culture medium completely devoid of animal 
. proteins that supports the culture of animal cells. To this end, enzymatic hydrolysatcs of a variety of 
non-amimal sources were examined as supplements in the basal medium described in Example 1. 
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Hydraly$;iiies^ of wheat gluten (liYPEP 4301 I, designated below as "Wheal Hydiolysate V\ and 
IIYPBP 8382, designated below as "Wheat Hydrolysatc 2"). soy (HY-SOY) and rice (HYPBP 51 IS), 
as well as an extract of baker's yeast (HY-YEST 444) were obtained from Quest International 
^or^ch. New Yorlc) and were formulated into the basal medium of Example 1 at 200 mg/litcr. 

5 VERO cells were cultured in the various medium fomiulations, and cell counts detennined,. as 
described above, and were compared to those obtained in basal medium that was unsupplemented 
(negative control) or supplemented with SOO mg/lltcr hiunan serum albumin (HS A; positive control). 
Results shown in Table 2 demonstmta mean cell count. per 25 cm^ flask over 3 subcultures and 
xelative growth efficiency (RGB) for each of the medium rormulaUons. RGE was calculausd by 

o . dividing the mean cell count for a given medium formulation by that for the HS A control. 



Table 2. Npn-Anlmal Peptide Screen 



Supplement 


Mean Cell 
Count, X 10^ 


RGK 


HSA 


44.9 


100 


Yeast Extract 


31.1 


69 


Wheat Hydrolysatc 1 


12.4 


28 


Wheat Hydrolysate 2 


12.4 


28 


Soy Hydrolysate 


31.3 


70 


Rice Hydrolysate 


35.9 


80 



These rcsidUs dcmohslratc that, of the plant pcpddcs tested as supplements for the culture 
media, the hydrolysatc of rice perfonned most optimally. While yeast and soy extracts alone 
xuppmted cell growth to some extent, the resulU; obtained with rice peptide supplementation were 
15 iiignincanily higher than those obtained with either soy or yeast extracts, and were nearly three times 
higher than that for wheat extracts. Thus, rice hydrolysate is favored as a supplement in animal 
jTotein-lrce fomiulations of culture media suitable for the cultivation of animal cells. 

The poor pcrformuDcc of wheat hydrolysatc as a medium supplement for the culture of 
animal cells is not altogether surprising, in light of the results of previous studies demonstrating that 
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extracts of wheat gluten are toxic or induce toxic erfecis in certain cell types in vitro and In vivo 
(Stfober, W., et aL, Ann, Int. Med. «5:242-256 (1975); Auricchio. S., ei al, Pediatn Res. 22(6):7Q3^ 
707 (1987)) and can inhibit protein synthesis in cell fpcc systems of animal cells (Coleman, W-H., 
and Roberts, Biachinu Biophys. Acta 696:239-244 (1982)). Accordingly, the use of wheat 

S peptides or hydiolysates is not appropriate for rorrnulaiion or animal cell culture media according to 
the present invention. 

ExamplaS: Tiiration of Rice Hydralysate 

To more closely examine their efficacy as supplements for the present media, rice 
hydrolysaics were supplemented into basal media at differing concentrations. These media were 

a then vsGfd lo examine VERO cell growdi* as described above. Cell counts were compared to those 
obtamed in basal medium that was uiusupplemented (negative control) or to Earless Modified Bagie*s 
Medium (BMEM) supplemented with 5% fetal bovine serum (FBS; positive control). Results shown 
in Table 3 demonstrate mean cell count and relative growth efficiency (RGE) for each of the medium 
formulations; RGE was calculated as described in Example 2. In this experiment^ the control 

i5 contained 5% fetal bovine serum (PBS), which is commonly used to grow VERO cells but which is 
less efficient in the medium than is HSA. 



Table 3. Titration of Rice Hydrolysatc 



Supplcmcot 


Mean Cell 
Count, X 10' 


RGE 


5% FBS 


35.9 


100 


Rice. iOOmg/L. 


39,5 


110 


Rice, 200 xng/I. 


35.9 


100 


Rice. 300 mgAL 


39.2 


109 



Taken together, tlic results of cliis study demonstrate that the use of basal medium 

.29. 



supplemented with rice hydrolysate at concentrations as low as 100 mg/liter suppon the growth of 
VBRO cells at least as well as the use of EMEM supplemented whh 5% FBS- These results thus 
demonstrate that rice hydrolysate at conccntmti ns of 100-300 mgrtiler is an optimal supplement for 
use in formulating tlie animal cell culture media of tlie pre5;ent invention* 

Example 4: Titntian of Yeast Extract and Screening of Additional Plant Peptides 

To examine additional sources of non-animal peptides and vitamins as aupplements for the 
present media, extracts of yeast, soy and potato were obtained from Quest International (Norwich. 
New York) and were supplemented into basal media at differing concentratioas* Yeast extract (YE) 
was also examined as a co-supplement with rice hydrolysate. These media were then used to 
examine VERO cell growth as described above. Cell counts were compared to those obtained with 
EMEM supplemented with 5% FBS. Results shown in Table 4 demonstrate mean coll count and 
relative growth cfTiciency (RGB) for each of the medium formulations. RGE was calculated as 
described in Example 2. 
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Table 4. Titrationof YE andScreenineof Addid nal Plant Peptides 



Supplement 


Mean Cdl 
Count, X 10' 


RGE 


5%FBS 


31.0 


100 


Rice, lOOmg/L 


293 


95 


Rice, 200 mg/L 


30.8 


99 


-Soy,200nig^. 


2B.0 


90 


Potato, 200 mg/I^ 


28.8 


93 


YE, 100 mg/L 


32.0 


103 


YE, 600 mg/L 


26.3 


85 


.YE.6000jii^ 


5.5 


18 


Rice, lOO mg/L + YE, 100 mg/i„ 


33.2 


107 



These results demonstrate that supplementation of the basal medium of Example I with 100 
mg/liter of YE, or with 200 mg/liler of either potato or soy extracts, supports the growth of animal 
cells approximately as well as the positive control medium supplemented with FBS. Higher 
coneentrations of YE, however, were less optimal, and the higlie5;t concentration (6000 mg/liter) may 
acmally have inlUbitcd cell growth. Thu.^, YK, and hydrolysates of soy or potato^ may be used as 
sources of non-animal protein for fomiulalion of the animal cell culture media of the present 
invention* 

Surprisingly, VERO cell growth was even more enhanced when combination of rice 
hydrolysate and YE was used. In fact, the combination of 100 mg/liter of rice hydrolysate and 100 
mg/Iiier of YK performed as well as pkmt peptides used at 200 mg/liler, suggesting that enhanced 
growth may be observed with the specific combination of rice and YE. These findings indicate that, 
while media comprising a single plant peptide or YE as a sole protein supplement arc sufOeient to 
5mpXK>rL amtmal cell cultivation, the use of plant peptides and YE in combination in animal cell 
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culture media may be panicuJarly favorable. 

Example S: Use of Yeast Extract UUraflUtate 

To more closely examine the use of yeast extract as a supplement in the present media, 
preparations of YE or an ultrafiltratc of YE ("YEU") were supplemented into basal media in the 
pie5U^nee or absence of 100 mg/liier of rice hydrolysute. These media were then used to examine 
VBRO cell growth as deKcribed above. Cell counts were compared to those obtained in EMEM 
siq>plemented vlth 5% FBS (positive control). Results shown in Table S demonstrate mean coil 
count and Kclativc growth efficiency (RGB) for each of the medium formulations. RGB was 
calculated as described in Example 2. 
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Tables. Titration of YE and YEU 



SnDDlenient 


Mean Cell 
Count, X 10^ 


R6E 


-rice' 


+ rice* 


- rice 


+ rlce 


S%FBS 


18.8 


nd 


100 


nd 


YE.SOmg/L 


143 


13.5 


76 . 


72 


YE. lOOmg/L 


16.1 


13.3 


86 


71 


YE.200ing/L 


14.7 


12.2 


78 


65 


YEU, 50 mg/L 


13.9 


16.8 


74 


89 


YEU. 100 mg/L. 


15.7 


16.S 


84 




YEU. 200 mg/L 


13.2 


15.9 


70 


85 



- rice" tndicate55 medium noi 5;upplemenied with 1 00 mg/I * rice hycImlyKiitfi, 
rice'* indicates medium supplemented wiih 100 mg/L rice hydrolysate. 

The results of these studies itidicatc that YEU used as a supplement promoles growth of 
animal cells at all concentrations tested in the present media and significantly ouiperfomis YB, 
suggesting that ultrafiltration of YE to yield YEU provides a more optimal supplement for the 
support of animal cell cultivation. Futtlicraiore. these results demonstrate that the combiniition of 
YEU and rice hydrolysate as supplements in the present media is preferable over the vsie of YEU 
alone, since VERO cell growth was higher in the YBU/rice combination media for all concentrations 
of YEU tested. Finally, since the 50 mg/liter concentration of YEU performed approximately as well 
as higher concentrations in rice-svippleinented media, the combination of 100 mg/liter rice 
hydrolysate and SO mg/litcr YEU appear to be particularly favorable for economic rexusons in the 
formulation of animal proiein-free cell culture media for the cultivation of animal cells. 
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Example 6t Titration ofrEGF 

To examine the effect of growth factor concentration on the performance of the culuire 
media, recombinant human EGF was aidded to the basal media of Ejeample 1 at various 
concentnUlons. Thc^ media were then used lo examine VBRO ceil growth as described above. Cell 
counts were compared to those obtained in basai medium that was unsupplemented (negative 
control) or to EMEM supplemented with 5% FBS (positive control). Results shown in Table 6 
demonstrate mean cell count and relative growth ofRciency (RGB) for each of the EOF 
concentrations. RGB was calculated as described in Example 2. 



Table 6« Titration of EGF 



Supplement 


MeonCeU 
Cuunt, X l[f 


RCE 


None 


9.9 


42 


5% FBS 


23.3 


100 


EGF. 10 mg/L 


22.6 


96 


EGF, 5 mg/L 


11.9 


51 


EGF. 1 mfi/L 


11.4 


49 


EGF, O.S mg/L 


8.0 


34 



These initial result, with a wide range of EGF concentrations, suggested that a concentration 
of 10 mg/liter of EGF in the present media is optimal for supporting the growth of animal cells. To 
more closely examine this effect, these expcrimenL<i were repealed with a more narrow range of EGF 
concentrations. The results of these studies are shown in Table 7. 



Table?. 'Utral 


ion of EGF 


Supplement 


MeaiiC«U 
Count, X l(f 


RGE 


5% FBS 


26.6 


100 


EGF, 10 rag/L 


J 9.5 


73 


EGF, 9 mg/L 


20.7 


78 


EGF, 8 mg/L 


21.0 . 


79 


EOF,7ing/L 


19.6 


74 


BOP. 6 mg/L 


19.3 


73 


EGF, 5 mg/L 


20.2 


76 



The discrepancy between Tabless 6 and 7 at the 5 mg/L concentration of EGF prompted 
another titration. The results in this table represent the mean cells per 25 cm^ flask in duplicate over 
4 subcultures. 



Table 8. Titration of £6F 



EGF (mg/L) 


Mean Cell 
Count, X 10^ 


RGE* 


0 


5.1 


too 


5 


7.0 


137 


6 


6.0 


118 


7 


7.1 


139 


8 


7.3 


143 


9 


7.4 


145 


10 


6.8 


133 



* as % of 0 mg/L control. 



Por economic reasons 5 mg/L EGF wa<; cho<;en for this embodiment. 

These results indicate ihal EGF al contx:nlralions us low as 5 mg/I^ in the present culture 
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media will support ilic growtli of VERO cells. ConccniraUons lower than 5 mg/U however, may be 
insurncienl in the present ronnulaLions. 

Tiiken in combination, the results shown in BxampleK 1-6 iudicate that cm optimal culture 
medium fomiulation for supporting the cultivation of animal ceils is the basal medium formulation 
5 * shown in Table I, supplemented with EGF at S-IO mg/liter, yea<it extract (preferably yeaxt extract 
idtrafilurate) at SO- 100 mg/liter« and at least one plant peptide (preferably rice peptides r 
hydcolysaio) at 1 00-200 mg/liter. 

Table 9 shows the use of the medium to grow BHK-2i cells in suspension on a shaker 
platform. In this experiment^ 0.2% PLURONiC F68 was added to both the test medium and the 
10 EMEM FBS 5% control to reduco shear damage* Counts were made at 72, 96 and 120 hours. As 
can bu seen in Tabic 9 tlie test medium x^erformed as well as or better than the control. • By 120 hrs 
the viability began dropping much mure rapidly in the control serum-supplemented medium as 
coxxqiared lo this preferred embodiment of the present invention. 

Table 9. Growth of BHK*21 Cells in Suspension in Shaker Flasks 



Time (hrs) 


Viable ceUs/mlxlflr 
EMEM 5% FBS control 


Preferred Embodiment of 
the Jnresent Invention 


0 


3.2 


3.2 


72 


7.1 


7.8 


96 


9.0 


10.4 


120 


3.7 


8.0 



Example 7: Supplementation of Media with Plant Lipids and Fatty Acids 

15 To determine whether the performance of the present culture media could be further 

enhanced using additional phmt-dcrivcd nutrients, culture media made ^ described in Example 1, 
fuither containing rice peptides as described in Example 3 and one or more plimt-dcrived lipid or 
fatQr acid formulations, were used to culture VERO cells. Cells were plated in T-25 flasks into 
cidtiune media that were not supplemented with plant-derived lipids or fatty acids (control) or that 
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were supplemented wiih 5 |Jg^mI. 0.5 }ig/ml or O.OS (ig^ml of one of the rollowing plant lipid or fatty 
acid mixes obtained from Matreyu, Inc. (Pleasant Gap, Petinsylvania), having constituents present in 
the indicated percentages: 

RM-1: palmitate (6 0%), stearate (3.0%), oleate (3S.0%). linoleate (50.0%). linolenate 
(3.0%), arachldate (3.0%) 

RM-2: palmitato C7.0%)« stearate (5.0%), oleate (18.0%), linoluaie (36.0%), linolcnaic 
(34.0%) 

RM-3: myristate (11.0%), palmitatc (4.0%). stearate (3.0%), oleate (45.0%), linoleate 
(15-0%), linolenate (3.0%), arachidate (3.0%). behenate (3.0%). emcate (20.0%). 
ligaocenite (3.0%) 

RM-5: caprylate (7.0%). capratc (5.0%), laurate (48X)%), myristatc (15.0%). palmitate 
(7^0%). stearate (3.0%), oleate (12.0%). linoleate (3.0%) 

KM-6: myristate (2.0%), palmiiaie (30.0%), paimitolcaic (3.0%), .stearate (14.0%), olcalc 
(41 .0%), linoleate (7.0%), linolenate (3.0%) 

Duplicate experiments were iwrformed, and viable cell counts per flask were determined in 
cultures at passages 1, 2 and 3 luid expressed as a percentage of cell counts in control media not 
supplemented with plant lipid*;. Results arc shown in Table tO. 
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These results indicate Uiai .suppJementation of culture media with plant-derived lipid/ralQr 
acid mixtures enhance*^ the growtli f VERO cells when compared to control media not containing 
these lipid/fatty acid mixes. Use of most of the plant lipid/fatty acid mixtun^s at concenlnitions of 
0.05 to 5 fig/cnl in tlie culture media induced a substandal increase in VBRO cell growth over three 
5 passages, with the RM-t mixture apparently providing the most sigtdficant increases at each passage. 
Together with those Trom the foregoing Examples, these results Indicate that cell culture media 
comprising a combination of plant-derived nutrients, such as plant pepddes and plant lipids or fatty 
aicidSy are useful in supporting cultivation and growth of mammalian cells. . 

Example 8: Rffect of Plant Powder on Growth and IgG Production in HybriOoma P1F6 

10. ' 250 mg of Plant Powder (aloe vem plant extract, Teny Laboratories, Florida) were added to 1 
X 500 ml bottle of 3TC Hybridoma-SEM (12045^84, lot 1010746. Ufc Technologies, Maryland). 
The mixture was stirred for approximately 10 minutes and filtered through a 0.2 Millipore 
Durapore filter. All further dilutions were made from this 500 mg/L stock solution. 

The following conditions were set up at 1 x 10^ viable cells/ml in T-75 flaslcs (15 ml 

15 volume): 

1) llybridoma-SFM Control 

2) 500 mg/L Plant Powder 

3) 400 mg/L Plant Powder 

4) 300 mg/I. Plant Powder 
^ 5) 200 mg/I- Plant Powder 

6) 100 mg/L Plant Powder 

The flasks were placed in a 37^C incubator in a humidified amiosphcre of 8% CO2 in air and 
suhcultured every 2 to 3 days for 3 passages. For the fourth passage, replicate T-75 flasks were set 
up and samples were taken on days 3, 4 and 5 post planting for determination of total cell density, 
75 viable cell density and IgG expression. The samples that were used for IgG determination were 
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centiiruged and the supcrnatanL<j stored at -20"C until as5;ayed. IgG levels were estimated by ELISA 
using ne sample from each of the replicate samples. 

As shown in Figure I, the Plant Powder hud a positive cfftxjl on viable cell dcn^sity in a dose- 
dependent mannen Additionally, IgG expression was also improved by addition of the Plant Powder 
in a dase*dependent manner seen in Figure 2. Furthermore, as seen, in Figure 3, the spccifie 
productivity Qig IgG/10^ total eells) was slighdy increased in the Plant Powder cultures, with the 
cifcct most pronounced on day S post planting. 

A dosc-dcpcndent effect on growth and productivity was observed in cultures supplcuusnted 
with the Plant Powder. The maximal effect was noted at SOO mg/L. 

Having now fully described the present invention in some detail by way. of illustration and 
example for purposes of clarity of understanding, it will be obvious to one of ordinary skill in the art 
thai Che same can bo performed by modiiying or changing the invention within a wide and equivalent 
range of conditions, formulations and other parameters without affecting the scope »r the invention 
or any specific embodiment thereof, and that such mcKii(icatipns or changes are intended to be 
encompassed within the scope of the appended claims. 

AH publications, patenui and patent applicatiotus mentioned in this speciflcation are indicative 
oF the level of skill of those skilled in the art to which this invcndon pertains, and are herein 
incorporated by reference to the same extent as if each individual publicadon, patent or patent 
application wa<; specifically and individually indicated to be ineoiporoted by reference. 
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